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Abstract
We evaluate the cross section for the pion induced Drell-Yan process in two different models of the pion light-
front wave function, inspired by light-front holographic approaches. We obtain the valence quark distribution
functions in those models, which after QCD evolution, are consistent with the experimental data from the
E-0615 experiment at Fermilab. Supplemented by the parton distribution functions of the target nuclei,
we obtain the cross section consistent with the experimental data for the pi− Nucleus → µ+µ−X Drell-Yan
process.
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1. Introduction
The determination of parton distribution func-
tions (PDFs) from the analysis of hard scattering
processes has emerged as one of the main topics of
hadron physics, attracting dedicated theoretical and
experimental efforts [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21]. Quantum chromody-
namics (QCD) is the underlying theory to explain the
structure of hadrons in all energy regions. In the low
energy region, quarks are confined and the dynam-
ical breaking of the chiral symmetry emerges. This
leads to pions having a small mass when compared
to other hadrons, playing the role of the pseudoscalar
Goldstone bosons.
The Drell-Yan dilepton production in pi−-tungsten
reactions is one of the available experimental sources
with access to the pion PDFs [1, 2, 3]. The next-to-
leading order (NLO) analyses of this Drell-Yan pro-
cess have been carried out in Refs. [3, 7, 8], whereas
the determinations of the light meson and the nucleon
PDFs with associated uncertainties from the experi-
ments have been reported in Refs. [6, 9, 10, 11, 12,
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13, 14, 15, 16, 17, 18]. The first global QCD analysis
of the pion PDF has been performed in Ref. [21]. The
pion PDF has also been the subject of detailed analy-
ses in lattice QCD [6, 22, 23, 24, 25, 26, 27]. It has also
been investigated in phenomenological models such as
the Nambu–Jona-Lasinio (NJL) model [28], the con-
stituent quark model [29, 30], the chiral quark model
[31], anti-de Sitter (AdS)/QCD models [32, 33, 34,
35], a basis light-front quantization approach [36, 37]
etc..
From the analyses of the Drell-Yan data, an es-
sential feature of the pion valence PDF has been ob-
served at high momentum fraction x. The pion va-
lence PDF at large-x shows a linear (1− x)1 or slightly
faster falloff, which is supported by the NJL model
[28], the constituent quark model [29], and duality ar-
guments [38]. This observation is in discrepancy with
perturbative QCD [39, 40, 41, 42] and the Bethe-
Salpeter equation approach [11, 43], where the be-
havior has been predicted as (1− x)2. The reanaly-
sis of the data of the Drell-Yan process [9], includ-
ing next-to-leading logarithmic threshold resumma-
tion effects, gives a considerably softer valence distri-
bution at high-x as compared to the NLO analysis.
The Drell-Yan pair production in pion-nucleus scat-
tering also provides information about the transverse
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structure of the pion in the momentum space. The
differential cross section in the transverse momentum
of the pair (qT ) for Drell-Yan pair production is a
particularly suitable observable to get insight into the
transverse structure of the pion. The description of
the qT spectrum of the Drell-Yan pairs produced in
pion-nucleus collisions has been recently reported in
Ref. [44]. The analyses of the qT spectrum using dif-
ferent phenomenological models can be found in Refs.
[45, 46].
Suitable wave functions for mesons are obtained
in light-front holography, which relates the five di-
mensional AdS space to the Hamiltonian formula-
tion of QCD on the light front [47, 48, 49, 50, 51].
Although a rigorous QCD dual is unknown, a sim-
ple approach known as Bottom-Up allows to built
the models that have some essential QCD features,
such as counting rules and confinement. This formal-
ism provides reasonable results for the meson sector
[52, 53, 54, 55, 56, 57, 58]. In this work, we first com-
pute the pion valence quark PDFs by considering the
light-front wave functions of two different models in-
spired by holographic QCD. We then evolve the ini-
tial valence quark PDFs of the pion within the next-
to-next-to-leading order (NNLO) Dokshitzer-Gribov-
Lipatov-Altarelli-Parisi (DGLAP) equations [59, 60,
61] of QCD to the relevant scale in order to com-
pare them with the PDF data from the E-0615 ex-
periment at Fermilab. Further, using the pion PDFs
in conjunction with the nuclear PDFs from the nu-
clear Coordinated Theoretical-Experimental Project
on QCD (nCTEQ) 2015 global fit [62], we investigate
the cross section for the pion-nucleus induced Drell-
Yan process in these models. We show that the PDFs
from these models reasonably describe the measured
data from a variety of experiments.
2. Light-front holographic wave functions for
the pion
The light-front wave functions (LFWFs) of the
bound states are obtained as the eigenfunctions of
the light-front Schro¨dinger equation. In light-front
holography, the Schro¨dinger equation for mesons is
given by [50](
− d
2
dζ2
− 1− 4L
2
4ζ2
+ Ueff(ζ)
)
φ(ζ) = M2φ(ζ) , (1)
which is derived within a semiclassical approximation
of light-front QCD. ζ =
√
x(1− x)b⊥ is the holo-
graphic variable, where b⊥ is the transverse distance
between the quark and the antiquark, and x is the
light-front momentum fraction carried by the quark.
ζ maps onto the fifth dimension, z, of AdS space so
that Eq. (1) also describes the propagation of weakly-
coupled string modes in a modified AdS space. The
effective confining potential, Ueff , is then obtained by
the form of the dilaton field, ϕ(z), which modifies the
pure AdS geometry. Specifically, we have [63]
Ueff(ζ) =
1
2
ϕ′′(z) +
1
4
ϕ′(z)2 +
2J − 3
2z
ϕ′(z) , (2)
where J = L + S. With the dilaton profile of the
soft-wall model, ϕ(z) = κ2z2, one can solve the holo-
graphic Schro¨dinger equation, which yields the meson
mass spectrum,
M2 = 4κ2
(
n+
J + L
2
)
, (3)
and the effective LFWFs,
φnL(ζ) = κ
1+L
√
2n!
(n+ L)!
ζ
1
2
+Le
−κ2ζ2
2 LLn(κ
2ζ2), (4)
where n and L are the radial and the orbital quan-
tum numbers. The first non-trivial prediction is that
the lightest bound state, with quantum numbers n =
L = J = 0, is massless, i.e., M2 = 0 from Eq. (3).
Since spontaneous chiral symmetry breaking in mass-
less QCD implies a massless pion, the ground state is
naturally identified with the pion.
The holographic light-front Schro¨dinger equation
only provides the transverse part of the meson LFWF.
The complete wave function is given by [63]
Ψ(x, ζ, ϕ) =
φ(ζ)√
2piζ
X(x)eiLϕ , (5)
where X(x) =
√
x(1− x) is determined by a precise
mapping of the electromagnetic form factor in AdS
and physical space-time [51]. The normalized holo-
graphic LFWF for a ground state meson is then given
by
Ψ(x, ζ) =
κ√
pi
√
x(1− x)e−κ
2ζ2
2 . (6)
Using ζ2 = x(1 − x)b2⊥ in the Eq. (6) to replace ζ,
where the transverse impact variable b⊥ is conjugate
to the light-front relative transverse momentum co-
ordinate k⊥, the meson LFWF in momentum space
can be written by performing a Fourier transform as
ψ(x,k⊥) =
4piN
κ
√
x(1− x)e
− k
2
⊥
2κ2x(1−x) , (7)
2
where the normalization constant N is fixed by∫
d2k⊥dx
16pi3
|ψ(x,k⊥)|2 = 1 . (8)
This holographic model consists of massless quarks.
A prescription was suggested in Ref. [48] to include
quark masses, which was further developed into mod-
els to obtain meson wave function with massive quarks
[64, 65].
2.1. Model-I
In Model-I, we account for non-vanishing quark
masses in the meson LFWFs. The quark and an-
tiquark masses (mq and mq¯) are introduced by ex-
tending the kinetic energy of massless quarks or an
equivalent change in Eq. (1),
− d
2
dζ2
→ − d
2
dζ2
+ µ212,
which leads to the mesons LFWF with the massive
quarks [63, 66],
ψ(x,k⊥) =
4piN
κ1
√
x(1− x)e
− k
2
⊥
2κ21x(1−x)
−µ
2
12
2κ21 , (9)
where µ212 =
m2q
x +
m2q¯
1−x . It has been observed that
the light meson electromagnetic (EM) and transition
(pi, η, η′ → γ∗γ) form factors with zero quark mass
fail to agree with the experimental data. Meanwhile,
the modified wave functions for massive quarks con-
siderably improve the agreement with the data and
the distribution amplitudes are also found to be con-
sistent with pQCD predictions [66].
We use the modified holographic LFWF to eval-
uate the valence quark PDF of the pion. The prob-
ability of finding a quark inside the meson carrying
the (longitudinal) momentum fraction x is given by
fI(x) =
∫
d2k⊥
16pi3
|ψ(x,k⊥)|2, (10)
which is interpreted as the PDF for the valence quark.
The constituent quark mass and the scale parame-
ter are only two parameters in this model. We shall
generate PDF in this work with the consistent quark
mass i.e. mq = mq¯ = 330 MeV, and the scale pa-
rameter κ1 = 540 MeV, which lead to a good simul-
taneous description of a wide range of the pion data:
the decay constant, charge radius, spacelike EM and
transition form factors [66].
2.2. Model-II
Here, we consider the generalized form of the holo-
graphic LFWF of the pion by taking into account
the quark orbital angular momentum. The LFWFs
of pion, ψLzpi (x,k), with total quark orbital angular
momentum Lz = 0,±1 are given by [32]:
ψ(0)pi (x,k⊥) =
4piN0
κ2
√
log(1/x)
1− x
√
f(x)f¯(x)
× e−
k2⊥
2κ22
log(1/x)
(1−x)2 f¯(x), (11)
ψ(1)pi (x,k⊥) =
4piN1
κ2
√
log3(1/x)
(1− x)2
√
f(x)f¯3(x)
× e−
k2⊥
2κ22
log(1/x)
(1−x)2 f¯(x), (12)
where κ2 is the scale parameter, and N0 and N1 are
the normalization factors. The original LFWF of the
pion with Lz = Sz = 0 [67] has been extracted from
light-front holography by matching the pion electro-
magnetic form factor in two approaches, AdS/QCD
and light-front QCD. The LFWF adopted here is
modified by introducing the profile functions in the
original pion LFWF :
f(x) = xα−1(1− x)β(1 + γxδ),
f¯(x) = xα¯(1− x)β(1 + γ¯xδ¯), (13)
where α, α¯, β, γ, γ¯, δ, δ¯ are the free parameters. The
profile function f(x) is constrained by the pion va-
lence quark distribution fixed through Ref. [9], PDF
∼ f(x) , while the other profile function f¯(x) is fixed
from the analysis of the pion electromagnetic form
factor. The LFWFs in Eqs. (11) and (12) reduce to
the original AdS/QCD LFWF when f(x) = f¯(x) = 1.
The profile functions provide the correct scaling be-
havior of the pion PDF at large x and the pion elec-
tromagnetic form factor at large momentum transfer.
In particular, this parametrization of the pion wave
functions yields the following scaling of the PDF and
form factor from the LFWF ψ
(0)
pi (x,k): q(x) ∼ (1 −
x)2 at x→ 1 and F (Q2) ∼ 1/Q2 for Q2 (momentum
transfer) →∞. Meanwhile, the LFWF ψ(1)pi (x,k) re-
sults in q(x) ∼ (1− x)5 at x→ 1 and F (Q2) ∼ 1/Q4
for Q2 →∞. These are consistent with quark count-
ing rules [32].
We apply these parametrized wave functions in
order to compute the pion valence quark PDF and to
further study the cross section for the pion-nucleus
3
induced Drell-Yan process in this model. In term of
the LFWFs, the pion valence quark PDF is expressed
as
fII(x) =
∫
d2k⊥
16pi3
[
|ψ(0)pi (x,k⊥)|2 + k2⊥|ψ(1)pi (x,k⊥)|2
]
.
(14)
The parameters α, β, γ, and δ are taken from the
Ref. [9], whereas the parameters α¯, γ¯, and δ¯ are fixed
by a fit to data on the electromagnetic form factor
of the pion with scale parameter κ2 = 350 MeV [32].
With these parameters, the modified LFWFs are able
to reproduce several fundamental properties of the
pion, such as the valence parton distribution, electro-
magnetic form factor, charge radius [32], and GPDs
[68].
Note that Model-I does not include the quark or-
bital angular momentum, while various pion observ-
ables such as the decay constant, charge radius, EM
and transition form factors can be further improved
by including the quark orbital angular momentum in
this model [34]. Furthermore, the transversely po-
larized quark TMD, also known as the Boer-Mulders
function, appears to be zero in Model-I without con-
sidering the quark orbital angular momentum [69].
The quark mass term in the exponential of Eq. (9)
can be absorbed in the longitudinal mode for mas-
sive quarks. However, Model-II does not take into
account the quark masses. Instead, the longitudi-
nal modes have been modified by the profile func-
tions given in Eq. (13) which involve a set of param-
eters and successfully describe various properties of
the pion. It has been observed that Model-II works
better than Model-I in order to describe the pion
EM form factor [32, 66]. The pion form factor in
Model-I is not consistent with quark counting rule,
whereas it is consistent with the rule in Model-II.
The charge radius of the pion in Model-I and Model-
II comes out to be rpiI = 0.529 fm [66] and r
pi
II = 0.672
fm [32], respectively, while the experimental value is
rpiexp = 0.672± 0.008 fm [70].
2.3. QCD evolution of the PDFs
The valence quark PDFs at a large scale can be
obtained by performing the QCD evolution of the
initial input PDF. We adopt the DGLAP equations
[59, 60, 61] of QCD with NNLO to evolve the PDFs
from the initial scale, defined as µ20, to a larger scale
µ2 as required for the comparison with experiment.
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Figure 1: Comparison of the valence quark PDFs in Model-I
[63] and Model-II [32] at their model scales. The dashed black
line represents the Model-I at the model scale µ2 = 0.236 Gev2.
The solid black and the solid red lines correspond to the Model-
I and the Model-II at the scale µ2 = 0.7 Gev2, respectively.
Scale evolution allows (valence) quarks to emit glu-
ons and the emitted gluons are further capable of
producing the quark-antiquark pairs as well as addi-
tional gluons. In other words, the larger scale reveals
the gluon and the sea quark components of the con-
stituent quarks through QCD interactions.
Explicitly, we evolve the input PDFs given in Eqs.
(10) and (14) to the relevant experimental scale µ2 =
16 GeV2 using the higher order perturbative par-
ton evolution toolkit (HOPPET) to solve the NNLO
DGLAP equations [71]. While applying the DGLAP
equations numerically, we impose the condition that
the running coupling αs(µ
2) saturates in the infrared
at a cutoff value of max αs = 1 [36, 72]. We adopt the
initial scale µ20I = 0.236± 0.024 GeV2 for the Model-
I, which we determine by requiring the results after
QCD evolution to fit the reanalysis of the FNAL-E-
0615 data for the pion PDF [9, 73]. Similarly, for
the Model-II, the initial scale is obtained as µ20II =
0.70 ± 0.07 GeV2. At the central value of the ini-
tial scales, the χ2 per degree of freedom for the fit
of the pion PDF in the Model-I is 3.12, whereas in
the Model-II, the value is 3.62. We estimate a 10%
uncertainty in the initial scales.
We show the valence quark PDFs in Model-I and
Model-II at their initial scales in Fig. 1. We find
that the valence quark and antiquark in Model-I carry
the entire light-front momentum of the pion, which is
appropriate for a low-resolution model. However, in
Model-II, the valence quark and antiquark together
carry ∼ 62% of the pion momentum, which justifies
4
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Figure 2: Plot of xfpi(x) for valence quark as a function of
x. The solid black and dashed red lines correspond to the
Model-I [63] and the Model-II [32], respectively. The FNAL-
E-0615 experiment data are taken from [4]. The FNAL-E-0615
modified data are taken from [9, 73].
to fix the larger scale, µ20II = 0.7 GeV
2, compared to
Model-I. In order to compare Model-I with Model-II,
we evolve the PDF in Model-I from its initial scale
to µ20II = 0.7 GeV
2. We notice that at this scale, the
valence quark and antiquark together carry ∼ 60% of
the pion momentum in Model-I. Therefore, a compat-
ible agreement has been observed between the PDFs
in these two models.
In Fig. 2, we show the valence quark PDFs after
QCD evolution and compare them with the data from
the E-0615 experiment at Fermilab for the Drell-Yan
process [4] as well as with the reanalysis of the data
which includes next-to-leading logarithmic threshold
resummation effects [9, 73]. Note that at large mo-
mentum fraction x, the data for the Drell-Yan pro-
cess shows typically a linear (1−x)1 or slightly faster
falloff. However, the reanalysis of the data exhibits
the pion PDF as (1 − x)2 at large-x. This behavior
is in agreement with the prediction from the calcu-
lations using Dyson-Schwinger equations [11]. Here,
we observe that the pion valence PDF in Model-I falls
off as (1− x)2.33, while the PDF in Model-II falls off
as (1 − x)1.65. Overall, the Model-II shows better
agreement than the Model-I when we compare them
with both the data. Again, Model-I describes the
modified data better than Model-II within the range
0.5 < x < 0.8.
To compare with the other theoretical results, we
evaluate the lowest four nontrivial moments of the
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Figure 3: Comparison of the lowest four moments of valence
quark PDF in the pion with the global fit [21], with lattice QCD
results in Refs. [6, 22, 23, 24, 26], and with phenomenological
models in Refs. [3, 8, 12, 36, 37] at different scales. The col-
ored horizontal bars are results of the present work. Solid and
dashed lines represent the Model-I and Model-II, respectively.
The bands with deep and light color correspond to the error
bands in Model-I and Model-II, respectively.
valence quark PDF :
〈xn〉 =
∫ 1
0
dx xnfpiv (x, µ
2), n = 1, 2, 3, 4. (15)
In Fig. 3, we show the first four moments of va-
lence quark PDF of the pion at different µ2 and com-
pare them with the results from the global fit [21],
lattice QCD results in Refs. [6, 22, 23, 24, 26], the
BLFQ-NJL model [36, 37], and other phenomenolog-
ical models in Refs. [3, 8, 12]. We observe that both
the models agree with the theoretical results in Refs.
[3, 6, 8, 12, 21, 22, 36, 37]. However, the Model-II
shows a better agreement compared to the Model-
I for the higher moments. One can notice that the
moments of the valence quark decrease as the scale
µ2 increases, which implies increasing contributions
from sea quarks and gluons at larger scales.
3. Cross section in unpolarized Drell-Yan pro-
cess
Here, we present the cross section for the Drell-
Yan process [74] using the pion PDFs evaluated in
those two models. We define the momenta of the
incoming hadrons and the outgoing lepton pair as p1,2
5
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Figure 4: Plot of m3dσ/dm as a function of
√
τ for the region (a) 0 < xF < 1 and (b) 0 < xF < 0.5. The data of the FNAL-E-0615
experiment (tungsten target) with 252 GeV pions, the CERN-NA-003 experiment (platinum target) with 200 GeV pions, and the
CERN-NA-010 experiment (tungsten target) with 194 GeV pions are taken from Ref. [4], Ref. [5], and Ref. [78], respectively.
and l1,2, respectively. The kinematics of the process
are described by the center of mass energy square of
incoming hadrons s, the invariant mass of the lepton
pair m, rapidity Y , the Feynman variable xF, and the
variables τ , z and y. The variables are related to each
other and defined as [75]:
s = (p1 + p2)
2, q = l1 + l2,
m2 = q2, Y =
1
2
ln
q0 + q3
q0 − q3 ,
xF = x1 − x2, τ ≡ m
2
s
, (16)
z =
m2
sˆ
=
τ
x1x2
, y =
x1
x2
e−2Y − z
(1− z)(1 + x1x2 e−2Y )
,
where, sˆ = x1x2s. xi represent the fractions of the
hadron momenta pi carried by the annihilating quark
or antiquark, and are given by in term of other vari-
ables,
x1 =
√
τ
z
1− (1− y)(1− z)
1− y(1− z) e
Y ,
x2 =
√
τ
z
1− y(1− z)
1− (1− y)(1− z)e
−Y . (17)
The cross section for the Drell-Yan process: pi−
Nucleus → µ+µ−X can be determined in perturba-
tive QCD and expressed in terms of convolutions of
short-distance partonic cross sections with PDFs as
[75, 76, 77, 21],
m3d2σ
dmdY
=
8piα2
9
m2
s
∑
ij
∫
dx1dx2
× C˜ij(x1, x2, s,m, µ2)fi/pi(x1, µ2)fj/N (x2, µ2), (18)
where C˜ij are the hard-scattering kernels, which have
an expansion in powers of the strong coupling αs. The
sums go over all possible partonic channels contribut-
ing at a given order in the expansion of C˜ij . At lead-
ing order (∼ α0s), only the channels (ij) = (qq¯), (q¯q)
contribute, whereas at NLO (∼ αs), one must include
(ij) = (qq¯), (q¯q), (qg), (gq), (q¯g), (gq¯) in the sum. The
hard-scattering kernels at NLO can be found in Ref.
[75]. In this work, we present the cross section up to
NLO. In order to evaluate the cross sections in Eq.
(18), in conjunction with the pion PDFs at the ex-
perimental scale µ2 = 16 GeV2, we adopt the nuclear
PDFs from the nCTEQ 2015 [62] at the same scale.
The PDFs for the tungsten and the beryllium nuclei
are readily available in Ref. [62], while for the PDFs
in the platinum nucleus, we approximate them by the
corresponding bound nucleon PDFs in the gold nu-
cleus.
We show the differential cross sections after inte-
grating out the Y dependence of the m3d2σ/dmdY
in Fig. 4 and Fig. 5(a) as a function of
√
τ and τ ,
respectively, while in Fig. 5(b), we present the cross
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Figure 5: Plot of (a) m3dσ/dm as a function of τ for the region 0 < xF < 1. The data of the CERN-WA-011 experiment (beryllium
target) with 150 GeV and 175 GeV pions are taken from Ref. [79]; (b) dσ/dm as a function of m for the same region. The data
of the FNAL-E-0326 experiment (tungsten target) with 225 GeV pions and the FNAL-E-0444 experiment (carbon target) with
225 GeV pions are taken from Ref. [81] and Ref. [82], respectively. The data of the CERN-WA-039 experiment (tungsten target)
with 39.5 GeV pions are taken from Ref. [80].
section, dσ/dm, as a function of m to compare them
with the experimental data. In Fig. 4(a), the FNAL-
E-0615 and the CERN-NA-003 data correspond to
the tungsten and the platinum targets, respectively.
The data in Fig. 4(b) correspond to the tungsten tar-
get. However, we employ the tungsten nuclear PDFs
to compute the cross section in Fig. 4. We notice
that per nucleon cross section evaluated by consid-
ering the tungsten and the platinum nuclear PDFs
are very close. Since the CERN-WA-011 data in
Fig. 5(a) represent the beryllium target [79], we use
the same target nuclear PDFs to evaluate the cross
section shown in this plot. The cross section dσ/dm
as a function of m displayed in Fig. 5(b) are compared
with the data of the CERN-WA-039 experiment with
39.5 GeV pions [80] and with the data of the FNAL-
E-0326 experiment [81] as well as the FNAL-E-0444
experiment [82] with 225 GeV pions. The FNAL-E-
0326 and the CERN-WA-039 data correspond to the
tungsten target, whereas the FNAL-E-0444 data rep-
resent the carbon target. The corresponding targets
of nuclear PDFs are used to obtain the cross section
shown in Fig. 5(b). The Figs. 4 and 5 suggest that
both the holographic inspired models show a reason-
able agreement with data from widely different ex-
perimental conditions.
4. Summary
We calculated the valence quark PDF of the pion
using the pion light-front wave functions in two differ-
ent models inspired by light-front holographic QCD.
The initial scales of the PDFs have been obtained
by consistently fitting the evolved pion valence quark
PDFs to the modified E-0615 data [9, 73]. Our anal-
ysis shows that the Model-II is better than Model-I
when compared with both the E-0615 data and the re-
analyzed data by including next-to-leading logarith-
mic threshold resummation effects. The moments of
the pion PDFs have been found in consistent with
the global fit by JAM Collaboration [21], with lat-
tice QCD [6, 22], as well as with phenomenological
quark models [3, 8, 12, 36, 37] across various scales.
However, we found that the Model-II shows a slightly
better agreement compared to Model-I for higher mo-
ments.
We have investigated the cross sections up to NLO
of the pion-nucleus induced Drell-Yan process using
the pion PDFs of these two models. In conjunction
with the pion PDFs, we employed the nuclear PDFs
from the nCTEQ 2015 [62] to evaluate the cross sec-
tions. In comparison with the data from widely dif-
ferent experimental conditions [4, 5, 79, 80, 81, 82],
we observed that both models provide an acceptable
7
description of various experimental data.
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